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In Jersey, Holstein, and Brahman Cows 
H . H. KIBLER a.nd SAMUEL BRODY 
INTRODUCTION 
Radiation from the sun and secondary radiation from the sky during 
the mid.part of a clear summer day may have a total heating potential 
of more than 800 Ca1!m~!hr on surfaces near ground level. I This is a 
large flow of energy in comparison with the standing heat production 
rate of 150 CaVm2/hr of a cow2 or 60 Cal/m2/hr of a man.s 
A man, because he can perspire freely and thereby dissipate great 
amounts of heat by evaporative cooling, can tolerate intense solar radia-
tion temporarily, even when the environmental temperature exceeds his 
own body temperature. One experiment reports a sweating rate4 of 2.24 
kg/hr representing a potential evaporative cooling rate of nearly 800 
CaVm2Jhr. A cow, though, is at a great disadvantage in this respect, 
because a cow's maximum evaporative cooling rate is not much above 
100 Cal/m2/hr. Even without the added burden of solar radiation, the 
lactating dairy cow has difficulty in dissipating the 150 Cal/m2/hr heat 
she produces unless the environmental temperature is about 25° F. 
(13.9° C) below her rectal temperature. For a cow to maintain a normal 
rectal temperature of 101° F., the air temperature must not be above 
75° F., so that about 50 CaVm~/hr or one-third of the metabolic heat can 
be dissipated by convection, radiation, and conduction. Continuous ex-
posure to air temperatures above 75° F. generally causes rectal tempera-
ture to rise and feed consumption, milk production, and heat production 
to decline. 
Neither man nor cow actually absorbs solar energy at the rate of 
800 Cal/hr over each square meter of outer surface. Usually less than 
one-half of the outer surface is exposed to solar radiation at anyone 
time. Part of this fraction receives the rays obliquely, so the equivalent 
receiving area for the full intensity of rad iation is less than one-hali of 
the total area . Furthermore, depending mostly on color, a man's skin 
1 See Bibliography, page 20. 
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reflects from 16 to 45 per cent~ and a cow's hair reflects from 10 to 60 
per cente. T of the solar rays. 
The solar energy that is absorbed by the hair or skin warms these 
surfaces until their rate of heat dissipation by re-radiation, convection, 
vaporization and conduction reaches equilibrium with their rate of solar 
energy absorption. As long as the environmental temperature is below 
the outer body surface temperature, a large part of the absorbed solar 
energy is dissipated to the cooler environment without affecting internal 
body temperature. To cause an increase in internal body temperature, 
(1) the environmental temperature must rise to a level which slows the 
rate of dissipation of absorbed solar heat to the environment, or (2) the 
warming of the outer surface by the radiation must be so extensive as 
to partially block the dissipation of metabolic heat. 
The net absorption of solar energy thus depends both on the en-
vironmental temperature and on the intensity of solar radiation. While 
a quantitative measure of net absorption of solar radiation is, therefore, 
difficult to detennine, a qualitative measure may be made by observing 
the physiological responses to different intensities of radiation at given 
environmental temperature levels. Five intensities of r adiation and three 
environmental temperatures were employed in this experiment. The re-
sulting changes in milk production and in feed and water consumption,' 
in the absorption factor of the hair and the temperature of the hair and 
skin,T in the acid-base balance,1I and in thyroid activity and iodide meta-
bolism lll have been or will be reported. The present bulletin reports the 
changes in evaporative cooling, rectal temperature, heat production, 
pulse rate, and respiratory frequency and volume rates. 
EXP ERIMENT 
Environment : The equipment and methods employed in controlling 
environmental temperature, humidity, and air velocity in the Psychroen-
ergetic Laboratory,11 and the measurements made of the spectral energy 
distribution from the lamps used as a source of radiant energy have been 
reported.1 Table 1A summarizes the fifteen constant and three variable 
conditions scheduled for each of the two laboratory test r ooms. 
During the fifteen weeks of "constant radiation" with which this 
bulletin is mainly concerned the temperature was held successively at 
45°, 70°, and 80° F . (7.2°,21.1°, and 26.6° C.) . Radiation was supplied 
by banks of sixteen 300-watt incandescen t and twelve 7~watt fluorescent 
lamps placed above each cow. At each of the three temperatures, the 
radiation was varied through "zero", 114, '"h , %, and full by turning on 
lamps in these five proportions. During the "zero" level, six 200-watt 
lamps were used to light the test room. Each radiation intensity was 
maintained constant 24 hours a day for one week. F ull radiation repre-
TABLE IA -- SCH&DULE 01" ENVlRON'MENTAL CONDlTIONS AND TESTS 
(Ai r movement IMOOIj:h Inl room ... 1.I aboul 0.5 mLin per hour for a Li Condltionl. All CO'II'I .. ere lacto.llng u x:ept the t .. o Brahlllani. 
AI, 
Telllp. 
' F 
,,' 
" 
", 
00' 
" 
ao' 
HOlitelol 
Smalllampi .. erl uHd for 'ylltl", durin« ·zero" radla' 
'" 
_ _ ._.. Period Datn 
fb.dlaUOIlI RalaUn c ardlo- au Air 
No. HUlllldll,. Metal).. ru~lIr- From To Temp. No. Humidity Metal).. 
LampI Cal/mZ/ hr f£ oltlm ltory ~ PM ~ PM OF lAmpl eal/ma/M '1 o1llm Ito;'" 
Vulable 8& 8 .lI n. 9 J an. 11 
o 1<1 85 ~ <I J IUI. 17 .lao. 22-
11" 114 80 1 <I J an. 22 .lao. 29 
11a au 82 3 5 J an. 29 Feb. 5 Varlabl, 
3/4 355 511 5 F.b. & Feb. 12 ", • Full 488 5" 3 5 Feb. 12 Feb. 19 
Vul.bll IS S F.b. III Feb. 28 
" o 19 U 3 Ii Feb. 28 Mar. 5 
1111 84 5 Mar. Ii Mar. la 
58 S 5 Mar. la Mar. 19 610 var lible n IS 
80 5 Mar. III Mar .ae to 0 14 87 3 5 
Mar. 28 Apr. a j"~,!:=~I~'f!;jjll!l:~I~":==::j"~==i;:=~'~ Apr .  I'!". II U:e't irre(lIlar 61 
Apr. II Apr. 18 61tr I Z iZ2 SS 3 IS 
Apr. 18 Apr . 33 to s/ <I 35-0 55 Ii 
Apr . U Apr . 30 '100 Full <115 51 3 Ii 
3 Apr. 30 May 7 Variable 82 5 
Ma,7 Maya 0 33 69 3 5 
Full <In 51 3 Ii May 14 May 31 1/ 4 109 83 5 
Ma, 21 May 28 800 1/ 2 3U 61 3 Ii 
Ma, 28 J une 4 3/" 353 58 2. Ii 
June " JIIIl'" 11 Full <123 5" 3 Ii 
'-HQliteln 132 .. 1.1 rep laefld by Hollliin 144 on. April 13, 11153. Aftl r r emon ' from Laboratory, milk pr odllCUon eVlntuilUy IneruNlnO 
ftOr mal. 
··ThlI predollllllAlltly .. lIItl Holilelll .... rllDond frolll thlllqllrllll. nt Feb. 17, 11153 lor , " oper.tlon lor hard .. are. HO!.et111i sn .. lIIch rl-
placed 189 .al &1-0 mOIU, .lIlt •. All other KoI8t.to ... eril pndoml ... IIUy bbck. 
t1'1Il1 c"'" had thl dart .. t .. olorad hair 1lII0II4 the .Jernyl. 
,I Cal/m3/M _ I q cal/mJl hr _ 0.3686 Btll/ft3/hr. 
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sented a rate of about 500 Cal/m~/hr or 12,000 Cal/m~/day at the level 
of a cow's back. This was approximately half the intensity of max;iInal 
solar radiation during mid-day, but was about double the total energy 
of solar radiation over a 24· hour period.· 
Fluorescent lamps were not used in the anterooms where the insen· 
sible loss weighings were made, but banks of ISO-watt incandescent 
lamps over the scales provided approximately the same thermal effects 
as the lamps in the two test rooms. 
During the three weeks of "variable radiation", radiation from the 
lamps was varied each day from "zero" to full and back to "zero" at 
night, simulating the changes in solar radiation. The total radiant energy 
for each 24 hour period amounted to approximately 2500 CaVm 2• 
Animals: An attempt was made to select animals of contrasting color 
within breeds. However, because of herd limitations only one of the six 
lactating Holsteins placed in one test room was predominantly white; 
the other five were mostly black. Of the six animals placed in the other 
test room, two were non-lactating Brahmans and the other four were 
lactating Jerseys. One Jersey had slightly darker hair than the other 
three. Information on the ages, breeding dates, and production of these 
animals is given in Table IB. 
Methods: The procedures used in obtaining the different measure-
ments were essentially the same as described in detail in earlier reports. 
The oxygen consumption, carbon dioxide and methane production, pul-
monary ventilation rate, heat production and respiratory vaporization 
were measured with an open-(:ircuit respiratory exchange apparatus.l~ 
Respiration rate was detennined by counting flank movements, pulse 
rate by the use of a s tethoscope, rectal temperature by the use of a vet--
erinary thennometer. Insensible weight loss (the difference between 
the weight of the gases and vapors given off by the body and those ab-
sorbed by the body) was measured on a sensitive scale previously des-
cribed. '3 Total vaporization was computed from insensible weight loss 
and respiratory exchange measurements by the equation 
Total Vaporization = Insensible Weight Loss -Metabolic Weight Loss, 
where Metabolic Weight Loss = CO~ + CH~ -O~ . Skin vaporization 
was computed by subtracting respiratory vaporization from total vapor-
ization. All rates in the equations above were expressed in gm/hr. The 
relative weight losses by these various avenues are shown in Fig. 8. 
App4T4tu.t: Fig. 1 shows the Beckman Model E dual range (0 to 25 
and 16 to 21 per cent) null type oxygen analyzer, used here for the first 
·U. S. Weather Burea\! nleord.$ at Columbia, Mo" show that for May, JWle, and 
July of 1954 the mean solu rad.iatlon values for 24 hours were 5830, 6191 and 
6524 Cal/m~. 
TABLE IB -- HISTORY OF THE cowst 
Nl,lmb!!r of 
Date of Last Prevloull ____ _ _ 
lActation' Breec 
Apr. 2, 19"9 Oct. 16, 1952 1 Feb, 21 , 1953 4 1200 
" 
, .• 
May 7, 19 .. 9 Oct. 29, 1952 1 Dec. 17, 1952 4 1200 ., 2.' ~ 191· Nov. 2, 1947 Aug. 22, 1952 2 No". 14, 1952 • 1200 45 '.3 
"4 J une 4, 1948 s.pt. 25, 1952 2 Nov, 19, 1952 4\ 1200 
" 
3.4 ~ 132" Sept. 1", 19 .... Jan. 5, 1953 • ------------ 8 1400 " 4.8 169+ July 30, 19"6 Jan. 9, 1953 4 Apr. 11, 1953 .\ 1400 
" 
, .  n 
• Replacement' 
'" 357 Jan. 24, 1950 Aug. 2, 1952 • 
Oct. 6, 1952 3 UOO 28 3 .• ~ 144 June 11, 1945 Feb. 2, 1952 5 Nov. 26, 1952 7\ 1300 dry ~ Nov. 3, 1948 Noy. 5, 1952 2 4 800 
" 
' .5 
------------ ~ J an. 19, 1945 Dec. 22, 1952 • Feb. 21, 1953 8 900 29 5.9 ~ AIL(. 22, 1946 Dec. 28, 1952 2 Mar. 26, 1953 4\ 95. 
" 
'.7 ~ 
Dec. 22, 1945 J an. 2, 19~ , 
------------
7 875 
" 
'.8 
May 6, 1947 J l.l!le 29, 1950 2 . \ 11 00 d" 
Feb. 13, 1947 June 191 1951 2 8 1100 drl 
·Removed fr OID chamber. Aborted May 17. 
uRemo"ed from chamber April n . Replaced by H-14". 
+Removed frOID chambe r Feb. 16 -- operated and found hardware In rumen. Replaced by H-35'1 
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M .. 
t • • 1 
Fig. I_Beckman (),c:ye-en Analy~ef. Samples of exhaled air obtained with the 
open-circuit respiratory exchange apparatus were brought to the laboratory in 250 
mI. eollectmg tubes, one of which is shown attached 10 the inlet connection of the 
analyzer. A supplementary line voltage control un it is shown at the lel! of the 
analyzer. 
time to supplement the chemical method of analysis described in a 
preceding report. 14 This instrument determines the oxygen partial 
pressure in a gas mixture by m easurement of magnetic susceptibility,a 
This is possible because oxygen is strongly paramagnetic, whereas the 
other gases in exhaled air are all slightly diamagnetic. Except for passing 
the exhaled air sample through a chemical drier, which can be done as in 
this study, at the time of collection , no processing of the air sample is 
necessary. The dial readings can be converted easily to percentage 
values. Calibration is made at two points on the scale. Pure nitrogen 
is used for the zero setting, and dry outdoor air is used for a second set· 
ting corresponding to 20.94 per cent oxygen. 
The method of introdUCing sample gas into the analyzer was accom~ 
pUshed by means of the auxiliary connections shown in Fig. 1. The 10 ml 
volume of the analyzer was evacuated by opening a stopcock to the 
vacuum line. Samp~e gas was then displaced through a connection a t the 
top of the 250 ml collecting tube into the analyzer by means of a mer· 
cury bulb connected to the bottom of the collecting tube. This process 
R ESEARCH B ULLETIN 574 9 
was repeated until the readings became constant. The analyzer was 
opened momentarily to aunospheric pressure before each reading. 
In comparison with the chemical method of analysis, the oxygen 
analyzer (1) requires only one-fourth the time, (2) gives about the same 
accuracy (the standard deviation of the differences between the two 
methods was ±O.034 per cent, or apprOximately the value that would be 
expected in a series of duplicate chemical analyses of oxygen), but (3) 
fails to provide the reliability of the chemical method unless considerable 
care is taken in servicing and replacing tubes and other electronic com-
ponents (the standard deviation increased to ± 0.067 per cent when a 
voltage regulator tube became slightly defective, and results were even 
more erratic when a rectifier tube failed to function a t full efficiency). 
To insure a high degree of reliability, the oxygen analY:l:er apparent-
ly would require frequent checking by chemical analysis. In this experi-
ment, each analysis made with the oxygen analY:l:er was matched by a 
chemical analysis from the same gas sample. T his represented a saving 
of time in the ratio of 5 to 8 over making duplicate chemical analyses of 
oxygen. 
Determinations of carbon dioxide and methane were made by chemi-
cal analysis. 
DATA Al'I.'D DISCUSSION 
The data are summarized in Tables 2 to 7 in the Appendix. Salient 
features are illustrated in Figs. 2 to 10. 
The interpretation of effects of different environmental conditions 
on the reactions of the animals is complicated by great differences in 
response between a few individual cows and the others of their breed 
within the group. 
Rectal Temperature: Within the Jersey and Brahman groups, Fig. 
2, three of the four J erseys showed no rise in rectal temperature with 
increasing radiation at 450 F. air temperature and not over H 2° F. at 70° 
or 80° F . One Brahman showed a rise of 1 0 at maximal radiation at 70° 
but not at 80°. In Jersey 518, however, the rectal temperature was in-
creased at full radiation by 1° at 45°, by 3'n° at 70°, and by 5° a t 80° . 
While there were no known pathological factors that caused the pro-
nounced rise in rec tal temperature in Jersey :;18, she was later removed 
from the university herd as a non-breeder. Her greater response to heat 
stress may have been due to a combination of factors: Among the Jerseys 
she had the greatest body weight, was in the earliest stage of lactation, 
was darkest in color , had the roughest and longest hair coat, shed her hair 
most slowly, had the lowest vaporization rate at maximal heat stress, 
and was the second oldest. 
10 
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Fir· 2-Effecls of increaslnr I'1ldiation mlensily at thl'H air temperatures On 
rectal temperatur<!, r espiration rate, aDd pulse rate in Jersey and Brahman cows. 
In the Holstein group, Fig. 3, the effects of increasing radiation on 
rectal temperature were negligible at 45° F. air temperature. At 70° F ., 
the rectal temperatures remained about normal in two animals, rose 
about 1° F. in a second pair, and rose 3° to 4° F. in the third pair. At 
80° F., maximal radiation caused a wide distribution of rectal tempera-
tures ranging from 0.6 0 to 5° F. above normal. White Holstein 357 and 
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black Holstein 330 were least affected, and black Holstein 197 was most 
affected. 
Respiration Rate; Figs. 2 and 3 present data on the influence of 
continuous radiation at different levels (one week at each level) on 
respiration rates in individual cows. The respiration rate was quite 
sensitive to changes in radiation intensity. At 45° F . air temperature, the 
respiration rate of J ersey 518 increased from 30 to 80 per minute from 
"zero" to full radiation but the rectal temperature increased only 10 F. 
For the same range of conditions, the respiration rates increased moder · 
ateiy in the other J erseys and in Brahman 209 without increases in 
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radiation were compared 10 data taken once each dill' during 168 hours of continuous 
radialion at each of five levels. Comparisons are shown for alr lemperatures of 45· , 
70 ' , and SO ' F. 
rectal temperatures. Jersey 518 reached her maximal respiration rate 
at full radiation and 70° F. air temperature. The other Jerseys and Brah-
mans increased their respiration rates with increasing radiation through 
80° F . The Holstein cows showed similar increases in respiration rate 
with increasing radiation but their maximum rates were below those of 
the smaller Jersey cows. Measurements were made at the same hour 
each day in an attempt to achieve independence from diurnal rhythms 
resulting from milking and feeding . 
Respiration rate data taken throughout the day and hence reflecting 
diurnal changes have already been reported for the three weeks of vari-
able radiation. 1 Comparisons of the relative effects of continuous and 
varying radiation are shown in Fig. 4. The two curves differ considerably 
for corresponding intensities of radiation (the intensities were the same 
at the time of measurements but differed on a 24-hour basis). 
Pulse Rate: The changes in pulse rate shown ih Figs. 2 and 3 do not 
seem to be correlated with changes in radiation intensity. Differences 
between individual cows persisted throughout the experiment. Jersey 
275 and Brahman 209 had high rates, and Brahman 188 had a low rate. 
Holsteins 132 and 169, which had to be replaced during the experiment, 
had high rates. 
Tidal Air (Ind Pulmonary Ven.tilation. Rate: Tidal air, in general. 
5' 
~ '" t-r --t=:t::::t::::1j ~ 
z 
~ 
I!iCIF(26.7"C) 
H314-
H 1\17 0--0 
Fir. S-Tidal air tended to deerease and pulmonary ventUati nn rate tn increase 
with inereasinr intensity of radiation. 
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tended to decline and pulmonary ventilation rate to rise with increasing 
temperature and radiation as shown in Fig. 5. The Brahman cows re-
spired more air per respiration but respired less air per minute than the 
Jersey cows. This difference does not seem to be related to their greater 
heat tolerance. 
Heat Production; F igs. 6 and 7 show the effects of increasing radia. 
tion at three air temperatures on heat production. 
At 450 F. air temperature, increasing radiation did not appreciably 
affect the heat production of any of the three breeds. Holsteins 132 and 
169 did show a decrease in heat production, but as these were the two 
cows that had to be removed from the experiment, as noted in Table 1, 
it seems probable that their changes in heat production were related 
mort' to health factors than to intensity of radiation. 
At 70 0 and 80° F. air temperatures, the mean heat production rate 
in the Jersey cows was 12 to 14 per cent lower at maximum radiation of 
500 Cal!m~ /hr than at "zero" radiation. Since the data for each tempera· 
70'F ( 21I'C) 8O' F(26 ro 
m JERS[Y & IJm' 
1 J l" _ I lOII . - _ J '" _ ""~ •• • 
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FI, . 6-Radiation at an intensity near SOO C .. l/m~/hr depressed the heat pl"(lduc· 
tlon of the J ersey cows about 12 per cent at 70' and SO ' F. air tempera tu~s but 
did not affect the heat produclion of Brahman cow$. 
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ture were taken over a five-week period, part of the decrease may be 
attributed to the normal decline in lactation and related decline in heat 
production. However , as the decreases in milk production,' exceeded 
the usual 6 per cent L~ monthly decline in lactation, it would seem that 
the greater part of the decrease in heat production resulted from the 
thermal effects of increased radiation. The data for the Holstein C<lWS 
showed parallel decreases in hea t production with increasing radiation 
amounting to 26 per cent at 70° F . and 9 per cent at 80° F. Heat produc_ 
tion decreased slightly in one of the two Brarunans at 80 ° F. air tempera_ 
ture as the intenslty of radiation increased. 
The high heat tolerance of the two non-lactating Brahmans is ex-
plained in large measure by their low heat production rate. Their 
metabolic heat dissipation requirement of about 80 Cal/ m' /hr was not 
much more than haH that of the lactating Jerseys and H olsteins. 
In preceding experiments in which temperature, humidity, and wind 
were the variable environmental factors, the data on heat production 
could be utilized both as an index of heat stress and as an approximate 
measure of heat dissipation. * The rates of heat production and heat dis· 
sipation were in equilibrium when body temperature was constant. In 
this experiment, however, the animals had to dissipate both metabolic and 
absorbed radiant heat, and we had no measure of this total heat dissipa-
tion. The values in Tables 6 and 7, "dissipation of heat produced by 
animal", refer to metabolic (not total) heat dissipation. 
Vaporization: Data, averaged by breeds, are presented in Fig. 8 to 
show the effects of increasing radiat ion on the rates of loss of body weight 
by vaporization and respiratory gaseous exchange. The metabolic weight 
loss (the excess of carbon dioxide and methane production over oxygen 
consumption) tended to decrease when feed consumption was depressed, 
as in the Holstein group at high levels of radiation at 70C and SOC F . The 
vaporization from the respiratory tract and skin, and therefore the total 
vaporization, increased with r ising intensi ty of radiation. 
Figs. 9 and 10 show that exposure to the same radiation intensities 
produced pronounced differences in vaporization rates per unit surface 
area between individual cows of the same breed. The low rates of evapo-
rative cooling in the Braham cows presumably reflected their relative 
freedom from heat strain rather than poor ability to vaporize moisture. 
ReUitive Effects of Radi.Gtion. and Temperature: The data on rectal 
temperature and respiration rate in F igs. 2 and 3, and on heat production 
in F igs. 6 and 7 provide an interesting comparison of the relative effects 
of radiation intensity and air temperature. I t appears that the animals 
. -Any he. t pr:oduced by an.erob.i<: fennente.tlon In the rwnen wu not Included 
Il"l the measured me4bolic heat production (oxYien consumption). 
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17 
Flt:. ~EvapO ... tive ... d pseGlU excbanre wei,ht losses ift nlatioa to ... diation 
intensity. The thrH lower curves in each section represent the different compOnents 
of the insensible weight loss, as explained in the text. Althou,h the $lda vl.pO..ua-
lion, the lareest sinIle source of weight loss, increased rapidly with increuW, radia_ 
tion, the maximum loss '"' lIllaU compared to the maximum 1055 in I. Iweating 
m..... The rapid increUt (up to 115 per cent) in akin vapOrizatiOD at 4$ ' F. air 
temperature presumably was assoeiatw. with in t:rtased Ikin temperature and was 
not an indio:atiOD of heat strain. 
showed as great or greater heat strain at 70° F. air temperature with 
full radiation (500 CaVm2/hr) than at 80° F . without radiation. Reetal 
temperatures and respiration rates were usually higher and heat produc-
tion was slightly more depressed at the 70° F ., full r adiation condition 
18 MIssouRI AGRICULTURAL ExPERIMENT STATtON 
Fig. 9--Effecu of mcreasin&, radiation. intensity on vaporization rates in individ-
ual Jersey and BrabJl1an cows. Except for the BrahmlUl$ which wen not ,.tressed; 
J ersey 518 dissipated less heal by eva'p?rative cooling from the skin at SO" F. air 
temperature than any other animal within the group. The simultaneous gnat rise 
in rectal temperatu", ( FiJ o Z) and decruse in evaporath'e cooling from the sk in 
with increasing radiation IJItensily in this animal appear to be related. Individual 
differences in evapontive coo1i..na: rates may be important facto" in heat tolerance. 
than at the 80c F ., no radiation condition. Continuous radiation at the 
500 Cal/ m2,1hr level at 70 0 F. air temperature apparently provided a 
heat stress equivalent to a 10° F . rise in air temperature. 
RESEARCH BULLETIN 574 19 
Fig. 100Effeds of increasing radiation intensity on vaporiza tion rates in individ-
ual Holstein cows. Like Jersey 518 in the other group, Holstein 337 dissipated a 
relat ively small amount of heat by evaporath'e coolin( from the skin and developed 
a hieh rectal temperature at high levels of radiation and SO" F. ai r temperature. 
20 MIsSOURI ACRICULTUR~L EXPERIMENT STATION 
SUM1\I ARY 
Data aTe given reporting the changes in heat production, evapora-
tive cooling, pulmonary ventilation rate, respiration rate, pulse rate and 
rectal temperature in " lactating Jerseys, 6 lactating Holsteins and 2 non-
lactating Brahmans which were exposed for weekly periods to radiation 
from lamps at intensities from near 0 to 500 Cal/m2 /hr, at air tempera-
tures 45°, 70", and 80 " F . 
At 45" F. air temperature, respiration rate, puhnonary ventilation 
rate and evaporative cooling (total, respiratory, and skin) increased 
moderately with increasing radiation intensity. These increases presum-
ably weTe related to increased skin temperatures rather than heat strain, 
as rectal temperatures and heat production remained approximately 
normal. 
At 70" F . air temperature, rectal temperatures began to rise in one 
Jersey and 2 H olsteins at a radiation intensity of about 115 Cal/m2,1hr, 
and attained values from 31h 0 to 4 0 F. above normal at about 480 
CaVm~!hr. Rectal temperatures remained about nonnal in the 2 Brah· 
mans, one J ersey, and two Holsteins but rose from Ih o to 11h 0 F. in the 
other Jerseys and Holsteins. IncreaSing intensity of radiation did not 
affect the heat production of the Brahmans, but depressed the heat pro-
duction by about 12 per cent in the Jerseys and 26 per cent in the 
Holsteins. 
At 80 0 F. air temperature, rectal temperatures in all the animals 
except the two Brahmans increased by Iho to 50 F. with increasing radia· 
lion. As three of the four J erseys showed increases of only about 1° F., 
it may be concluded that the Jerseys, as a group, displayed less beat 
strain than the Holsteins. Respiratory vaporization increased continu· 
ously with increasing radiation but skin vaporization reached maximal 
levels in the Holsteins and Jerseys at a radiation intensity near 3GO 
CalJm~/hr. The greater heat tolerance of the non.lactating Brahmans 
could be attributed, in large part, to their low rate of heat production-
about 80 Cal/m:/hr compared to 150 Cal/m:/hr in the Jerseys and Hol-
steins. 
Graphical analysis of the data indicates that the 500 Cal/ rot /hr radia· 
tion level at 70 0 F. air temperature provided a heat stress equivalent to 
a 100 F. rise in air temperature without radiation. 
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